Study objective-Mortality over 25 years has been low in the Italian and very low in the Greek cohorts of the Seven Countries Study; factors responsible for this particularity were studied in detail. Participants and settings-1712 Italian and 1215 Greek men, aged 40-59 years, cohorts of the Seven Countries Study, representing over 95% of the populations in designated rural areas. Design-Entry (1960-61) data included age, systolic blood pressure (SBP), smoking habits, total serum cholesterol, body mass index (BMI), arm circumference, vital capacity (VC), and forced expiratory volume in 3/4 seconds (FEV); the same data were obtained 10 years later. Multivariate Cox analysis was performed with all causes death in 25 years as end point. Main results-Italian men had higher entry levels of SBP, arm circumference, BMI, and VC; Greek men had higher cholesterol levels, smoking habits, and FEV. Mortality of Italian men was higher throughout; at 25 years cumulative mortality was 48.3% and 35.3% respectively. Coronary heart disease and stroke mortality increased fivefold in Italy and 10-fold in Greece between years 10 and 25. The only risk factor with a significantly higher contribution to mortality in Italian men was cholesterol. However, differences in entry SBP (higher in Italy) and FEV (higher in Greece) accounted for, according to the Lee method, 75% of the diVerential mortality between the two populations. At 10 years increases in SBP, cholesterol, BMI, and decreases in smoking habits, VC, FEV, and arm circumference had occurred (deltas). SBP increased more and FEV and VC decreased more in Italy than in Greece. Deltas, fed stepwise in the original model for the prediction of 10 to 25 years mortality, were significant for SBP, smoking, arm circumference, and VC in Greece, and for SBP and VC in Italy. Conclusion-Higher mortality in Italian men is related to stronger positive eVects of entry SBP and weaker negative (protective) eVects of FEV; in addition 10 year increases in SBP are higher and 10 year decreases in FEV are larger in Italy. Unaccounted factors, however, related to, for example, diVerences in the diet, may also have contributed to the diVerential mortality of these two Mediterranean populations. (J Epidemiol Community Health 1998;52:638-644) The Seven Countries Study on cardiovascular diseases has completed 30 years activity and the middle aged populations studied at the onset of the study are presently composed of elderly subjects with exponentially rising death rates. Large diVerences in mortality from coronary heart disease (CHD) have appeared among the 16 cohorts studied, the Mediterranean cohorts of Italy and Greece presenting markedly lower death rates than cohorts from northern Europe and the US and even cohorts from neighboring inland Mediterranean countries like Croatia and Serbia. DiVerences in total mortality have also developed within both of the southern European Mediterranean countries-that is, between the rural cohorts of Crete and Corfu in Greece and those of Crevalcore and Montegiorgio in northern and central Italy.
The Seven Countries Study on cardiovascular diseases has completed 30 years activity and the middle aged populations studied at the onset of the study are presently composed of elderly subjects with exponentially rising death rates. Large diVerences in mortality from coronary heart disease (CHD) have appeared among the 16 cohorts studied, the Mediterranean cohorts of Italy and Greece presenting markedly lower death rates than cohorts from northern Europe and the US and even cohorts from neighboring inland Mediterranean countries like Croatia and Serbia. 1 2 DiVerences in total mortality have also developed within both of the southern European Mediterranean countries-that is, between the rural cohorts of Crete and Corfu in Greece and those of Crevalcore and Montegiorgio in northern and central Italy. 3 These diVerences remain large until today but it is not clear which factors that are primarily responsible for this diVerential mortality, as with the exception of age and a similar cultural status, the Italian and the Greek cohorts diVered at entry in several characteristics.
In a recent analysis the predictors of CHD mortality in 25 years in the Greek cohorts were age, systolic blood pressure (SBP), and smoking. 4 The proportion of CHD within all causes of death, however, is low in both these Mediterranean populations of the Seven Countries Study. [1] [2] [3] We have therefore examined all cause mortality over 25 years in the four cohorts of these two countries Italy and Greece and studied possible determinants of it, in relation to: (1) risk factors levels at entry, and (2) changes of such factors during the first 10 years of follow up as possible predictors of subsequent 15 year mortality. To the five risk factors commonly studied (age, SBP, cigarette smoking, serum, cholesterol, and body mass index (BMI)), vital capacity (VC), forced expiratory volume (FEV), and arm circumference (as index of muscularity) were added, these factors having previously been shown to be powerful predictors of survival in some cohorts of the Seven Countries Study. 5 6 
Methods
The populations studied in this analysis were the two Greek and the two Italian rural cohorts of the Seven Countries Study, enrolled and first examined between 1960 and 1961. The four cohorts were first compared separately but, to increase the cohort size and the number of deaths and thus gain in accuracy, the two cohorts from each country were subsequently pooled together. Accordingly, 1215 Greek men aged 40-59 years at entry, representing 96 A number of measurements were obtained at entry by international teams of doctors, nurses, and technicians following standard protocols and procedures, reported in detail elsewhere. [7] [8] [9] In the present analysis the following eight factors have been considered: age in years; supine resting SBP of the right arm in mm Hg (mean of two consecutive measurements); average number of cigarettes smoked daily, as reported by the subjects; total serum cholesterol in mg/dl measured in a casual blood sample by the method of Abell-Kendall, modified by Anderson and Keys, 10 ; BMI in kg of weight divided by m 2 of height; arm circumference in mm, measured at midpoint of the right arm and mathematically cleaned for the contribution of skin and subcutaneous fat as estimated by the tricipital skinfold; vital capacity in dl/height in metres; FEV in 3/4 seconds in dl/height in metres.
The same measurements with the same techniques were also obtained after five and 10 years, when the participation among the survivors was 96% and 87% in Greece and 95% and 88% in Italy.
Collection of data on mortality and causes of death was complete for all men for the subsequent 25 years, through periodic site visits ascertaining the fatal events and their causes obtained from the local register reviews of clinical records and interviewing relatives, thus enabling a central reviewer (AM) to reach a final diagnosis of cause of death following standard criteria, using the 8th Revision of the WHO-ICD. In the later years of follow up occasional deaths occurring in inaccessible areas in Greece were recorded but the accuracy of diagnosis could not always be checked. Death rates were age standarised, using as reference population the quinquennial age distribution of the pool of all the Seven Countries cohorts.
Risk factors have been compared within pairs of cohorts of single countries and between countries using national pools.
Multivariate analysis was performed for each country using the proportional hazards Cox model with all causes death as end point and the above eight risk factors as predictors.
Subjects with missing information on risk factors on either survey were excluded. Dummy variables were introduced in all occasions to adjust coeYcients for between cohort diVerences not explained by risk factors, as mortality was diVerent between cohorts in the same country. In both countries the cohort with lower mortality rate was taken as reference (Crete in Greece and Montegiorgio in Italy). The coeYcients of dummy variables indicate the extent of the extra-risk of the cohort with higher mortality compared with the cohort with lower mortality, not explained by the available factors.
Multivariate analysis was also performed by combining data from both countries predicting 25 years mortality as a function of baseline risk factors levels with interaction terms of risk factors/country (inter-factor) and dummy variable for country (Greece). This allowed the determination of whether the eVect of any factor was significantly diVerent between the two countries.
Some models were solved excluding the first 10 years mortality, and taking as end point deaths that occurred between years 10 to 25 and computing the models by using the baseline measurements (year 0) and the same measurements plus changes occurring in 10 years, the latter as possible additional predictors of the end points. These changes, called deltas, were obtained from the diVerence in measurements taken at years 10 and 0.
The number of men treated in this way was smaller than the number of those examined at year 10 because respiratory measurements were systematically used in the analysis; thus 82 Greek men and 126 Italian men at entry and 43 Greek men and 76 Italian men at year 10 with technically poor respiratory records were excluded.
Finally, the part of the diVerence in mortality between the Greek and the Italian men that could be attributed to diVerences in the risk factors levels was estimated by the method of Lee, 11 which has already been used in some analyses of the Seven Countries Study. 12 Specifically, if R0 and R1 are the observed death rates in the two countries, and R'0 and R'1 are the corresponding rates when these are adjusted for the influence of certain covariates then the ratio q = (R'0−R'1/ (R0−R1) gives the proportion of diVerential risk between the two populations not attributable to diVerences in the risk factors levels and p=1−q is the proportion of diVerential risk attributable to diVerences in the risk factors levels. Table 1 shows the entry mean values of risk factors and t tests between the four cohorts. In Italy, mean levels of age, SBP, cigarette smoking, and BMI were significantly greater in Crevalcore, whereas arm circumference was greater in Montegiorgio.
Results

BASELINE CHARACTERISTICS AND 10 YEAR
CHANGES
In Greece, arm circumference and VC were greater in Crete, whereas FEV and BMI were greater in Corfu.
In comparing the two countries through their pools of cohorts, higher mean levels of SBP, arm circumference, BMI, and VC were found in Italy, whereas higher levels of serum cholesterol, cigarette smoking, and FEV were found in Greece. Thus, the two countries diVered significantly at entry in all factors but age.
At the 10 year re-survey, in Italy all factors except age, were again significantly higher in Crevalcore than in Montegiorgio. In Greece, age and SBP were higher in Corfu than in Crete, whereas serum cholesterol, arm circumference, VC, and FEV were higher in Crete (table 2) . When comparing the pools of the two countries, the same significant diVerences were found as at the entry examination, except for VC, which was not diVerent between the two countries.
In summary, large increases occurred over 10 years in both countries in SBP and serum cholesterol, an increase in BMI and decreases in cigarette consumption, arm circumference, VC, and FEV. Table 3 shows the cumulative quinquennial death rates in 25 years in the four individual cohorts and the two pooled national groups. In Italy, rates in Crevalcore are always greater than in Montegiorgio and on two occasions they are significantly diVerent. In Greece, death rates in Corfu are always higher than in Crete and in three occasions they are significantly diVerent.
DEATH RATES IN ITALIAN AND GREEK COHORTS
In both countries, therefore, there was an area with a consistently higher death rate than the other one. When comparing the pooled national groups, the Italians had always higher death rates than the Greeks and their difference at each quinquennial dead-line was statistically significant. Moreover, death rates in the low mortality area in Italy (Montegiorgio) always exceeded the rates in the Greek high mortality area (Corfu). Figure 1 contains survival curves for the four cohorts separately and for the two countries for Table 4 gives the breakdown of four major causes of death within total mortality for the two countries for the 0 to 10 years and the 0 to 25 years periods. There are diVerences in specific causes among the four cohorts and the two combined cohorts, the major diVerences being represented by much higher death rates from CHD, cancer, and other causes in Italy and non-significant higher rates from stroke at 0 to 25 years in Greece (stroke deaths in Italy are higher at 0 to 10 years).
In figure 2 the breakdown of causes of death, as proportions within total mortality, expressed as 100% in the two populations for two follow up periods-that is, 0-10 and 0-25 yearsindicates the changing pattern of causes of death. There is an increase of CHD compared with "other causes" of death within the increasing mortality from the shorter to the longer follow up period. The larger contribution of CHD deaths in the Italian cohorts is obvious, as is the faster increase of this cause of death in Greece. Table 5 shows the multivariate analysis of deaths for deaths occurring during the whole 25 year period and the two pooled national groups. Levels of risk factors at entry are used and solutions are given as coeYcients of risk factors, their t values and their exponentials. Among the eight risk factors four-that is, age, SBP, cigarette smoking, and FEV (protective), were statistically significant predictors of all cause death in both countries, whereas arm circumference was a protective factor in Italy but not in Greece. The dummy variables suggest that significant unexplained mortality diVerence does not exist between the two Italian cohorts (Crevalcore and Montegiorgio), whereas significant unexplained diVerence does exist between the two Greek cohorts, with Table 6 gives the solution of the Cox model with interactions. All baseline risk factors produce significant coeYcients except BMI and VC, whose coeYcient is not far from significance. The dummy variable for Greece is not significant. Interaction terms are all statistically not significant except that for serum cholesterol, with a negative value. This means that serum cholesterol is directly related to mortality but only in the country with lower cholesterol concentrations (Italy). The fact that the coeYcient of serum cholesterol alone is significant (positive) is because of the strong relation in Italy.
MULTIVARIATE ANALYSIS
Figure 2 Breakdown of death rates in four causes of death in two periods for the two countries, expressed as proportions of total mortality (fixed at 100 per cent for each country and each period).
EFFECTS OF RISK FACTOR CHANGES (DELTAS)
This analysis was done for fatal events occurring between years 10 and 25 of follow up, still using the entry levels of risk factors, and adding in a stepwise manner the 0-10 year changes of the same factors as additional covariates. The upper part of table 7 suggests that some baseline risk factors are predictive of delayed, 10 to 25 year mortality. These are age, SBP, and cigarette smoking in both countries, and VC and FEV (protective in Italy). In addition, deltas oVered in a stepwise manner are also predictive of delayed events. In particular, increases in SBP in both countries and cigarette smoking (in Greece) are predictive of increased delayed mortality. At the same time decreases of arm circumference in Greece and of VC in both countries less than the mean decrements within each country are also predictive of reduced delayed mortality. In Italy the coeYcient of delta in cigarette smoking was not far from significant, but is reported because the critical level in the stepwise procedure was set at p=0. 10 . Separately, a model for prediction of delayed mortality was solved with inclusion of baseline factors only (not reported herein). The coeYcients of risk factors in both countries had the same signs, similar levels and t value as those reported in the model including also the risk factor changes.
These findings indicate that beyond and above the predictive power of baseline measurements, increases over the mean at baseline of SBP and of cigarette smoking during 10 years are associated with an excess total mortality in both countries, whereas decreases of VC (and arm circumference in Greece) less than the mean reductions of these values within each country are associated with a reduced mortality.
EXPLANATION OF DEATH RATES BY THE RISK FACTORS AT ENTRY
The computation of the Lee procedure, not reported here in detail, makes covariance adjustments on multivariate solutions to identify the proportion of diVerential mortality that can be attributed to diVerent levels of risk factors. Using the baseline levels of risk factors and 25 year death rates the diVerence in mean SBP (higher in Italy) explains, alone, 34% of the diVerential mortality between Italy and Greece. When FEV (higher in Greece) is added to the system, the proportion explained becomes 75%. All other factors did not help in explaining the residual diVerence in all cause mortality. However, this means that only 25% of death rate diVerences between the two countries cannot be accounted for by the diVerences in the eight risk factors studied here.
Discussion
This analysis has chosen as end point "all cause" mortality in two of the Seven Countries Study rural populations having low rates of total mortality in Europe. 2 9 This target was chosen because of the frequently inaccurate data on exact causes of death in older subjects. For example, above the age of 65 years CHD may be mimicked by other diseases, multiple rather than single causes may be present and interact, and atypical manifestations of CHD may be misclassified under a variety of diagnoses. Finally, prediction and possibly reduction of all cause mortality, thus prolongation of survival, is a more important objective than identification of the factors responsible for particular causes of mortality, even CHD, which accounts for only 22% and 26% respectively of the 25 year total mortality in the Greek and Italian populations studied (table 4) .
The findings indicate that the cumulative deaths in the combined two Italian cohorts compared with those of the combined two Greek cohorts are significantly higher at each quinquennium; at 25 years these are caused by higher death rates from coronary heart disease (166%), cancer (155%), and "other causes" (122%) (table 4). As evident from table 3 and figure 1 despite the delayed acceleration in mortality of the Greek cohorts the diVerence in mortality between the two countries remained highly significant at 25 years (+37%), with the Italian population having reached a cumulative death rate of almost 50%.
With regard to the eight factors examined it was shown that although the coeYcients of age, SBP, smoking, and FEV in the Cox models differed from zero in both countries, only that of serum cholesterol was significantly higher in Italy (table 5) . On the other hand, 75% of the diVerence in mortality at 25 years between the two countries could be accounted for by the diVerence in two factors at entry, namely SBP and FEV. In this case despite similar and nonsignificantly diVerent coeYcients in the multivariate models, the diVerence between the two countries involved higher mean levels of SBP in Italy and higher mean levels of FEV in Greece, both unfavourable to Italy.
SBP, a potentially modifiable risk factor, has about equal coeYcients in both countries but confidence intervals are wider in Greece (table  5) and the 10 year increase much less than in Italy (5.5 mmHg v 9.3 mm Hg).
The finding of negative coeYcients for cholesterol and BMI in the Cox models for Greece and positive coeYcients for Italy is rather puzzling, in view of the general, positive, and linear relation of cholesterol and inverse of BMI to CHD mortality in short and longer follow ups of the Seven Countries. 2 9 This paradox could be because of a parabolic, inverse J shaped eVect of cholesterol-that is, increased mortality in low values in the Greek cohorts; this possibility has been tested herein by adding a quadratic term (squared) for cholesterol and BMI in the Cox models of the two populations. The results, not reported here, indicate that a parabolic eVect of cholesterol on mortality does exist in Greece but not in Italy; conversely, a parabolic eVect for BMI exists in Italy but not in Greece.
The respiratory measure of FEV at entry proved to be an important factor of survival in both countries (table 5) . When the changes between 0 and 10 years are included in the model, in Italy entry FEV and VC and deltas of VC all exert a significant protective eVect at 10-25 years whereas in Greece only deltas in VC exert such a protective action at this late period (table 7) . Lesser decrements of mean values of VC and FEV occurred over 10 years in Greece (2.3 dl/m and 1.6 dl/m) compared with Italy (2.8 dl/m and 1.8 dl/m).
Additional factors must have been present; diet has not been discussed in this analysis because direct measurements of nutrient intakes have been available for only small subsamples of each population. However, the proportion of total fat has been reported as 36% and 33% in Crete and Corfu compared with 27% and 25% in Crevalcore and Montegiorgio; monounsaturated fatty acids 26% and 18% in Greece compared with 11% and 12% in Italy; protein 11% in Greece and 13% and 11% in Italy. 15 Data indicate that among elderly Greeks those consuming a Mediterranean diet meeting currently accepted health criteria have a significant reduction in overall mortality. 16 Finally, smoking has far less of a negative impact on VC and FEV in the Cretan population herein than in other cohorts of the Seven Countries. 6 17 In conclusion, this analysis has shown that 25 year all cause mortality is consistently higher in rural Italy than in rural Greece. Of eight factors studied at entry the higher levels of SBP in Italy and the higher levels of FEV (protective) in Greece accounted for 75% of this diVerence. Greek men are probably further protected by smaller rises in SBP and smaller decrements in VC and FEV levels over a 10 year study period, and other factors possibly related to the diet.
